The mechanism whereby the human neutrophil membrane het-
Introduction
Recent studies have identified a human neutrophil membrane glycoprotein complex required for numerous adhesion-dependent functions including aggregation, spreading on artificial substrates, chemotaxis, phagocytosis, and adherence to endothelium (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) . This complex is composed of three heterodimeric subunits: LFA-1, Mac-l (Mo 1), and p 150,95. Each subunit consists of a distinct heavy or a-chain polypeptide noncovalently linked to a light or p3-chain polypeptide common to Patients with a congenital deficiency ofCDl 1/CD1 8 suffer from recurrent bacterial infections and an inability to suppurate (reviewed in reference 16) . These patients' neutrophils demonstrate in vitro defects in adhesion-dependent functions that can be reproduced in normal neutrophils by the addition of MAbs directed to function-related epitopes of the glycoprotein complex (1) (2) (3) (4) (5) (6) (7) . The CD1 lb/CD 18 subunit has been shown to play an important role in neutrophil adherence to vascular endothelium, a critical early event in neutrophil emigration during the acute inflammatory response. The MAbs anti-CD 1 lb (60.1) and anti-CD18 (60.3), recognizing respectively the CDl lb and CD18 polypeptides (2) , have been shown in vitro to prevent stimulated neutrophil aggregation and adherence to endothelial monolayers (1, 3, 5) .
The mechanism by which CDl lb/CD18 augments neutrophil adhesiveness in response to stimulation is not known. It has been shown that in unstimulated neutrophils, the CDl lb polypeptide exists both on the cell surface and in far greater quantities within the secondary and/or tertiary granules. After stimulation, contents of these granules are translocated to the cell surface, resulting in a 3-to 10-fold increase in surface-associated CDl lb (assayed as increased binding of CDl lb-specific MAb) (12, (17) (18) (19) . It has been suggested that this increase in surface expression may play an important role in the mechanism of enhanced neutrophil adhesiveness (12, (17) (18) (19) (20) . This hypothesis has not been critically examined, however.
To investigate the role of increased CDl lb/CD 18 surface expression in stimulated neutrophil adherence we employed the anion channel-blocking agent, DIDS1 (4,4'-diisothiocyanostilbene-2,2'-disulfonic acid), which blocks neutrophil degranulation (21) (22) (23) (24) . We show that pretreatment of neutrophils with DIDS (30) . After labeling, the cells were washed three times in PBS. Immunofluorescence flow cytometry, aggregation, and adherence experiments were all performed simultaneously on neutrophils from the same preparation.
Preparation of neutrophil cytoplasts. Neutrophil cytoplasts were prepared according to Korchak et al. (31) . Briefly, purified neutrophils were suspended in 12.5% Ficoll-70 in HBSS-with cytochalasin B, 5 ,ug/ml, and incubated at 37°C for 5 min. This suspension was then layered on a 37°C discontinuous Ficoll gradient (12.5; 16 Similar results were obtained with BEC: in five experiments, unstimulated adherence was 3±0% without DIDS and 6±1% with DIDS; PMA-stimulated adherence in non-DIDStreated neutrophils was 64±3 vs. 72±3% in DIDS-treated neutrophils (P < 0.05); A23187-stimulated adherence in non-DIDS-treated neutrophils was 26±2 vs. 50±4% in DIDStreated neutrophils (P < 0.0005).
To control for the possibility that DIDS might be exerting a proadhesive effect via the endothelial cell, we examined neutrophil adherence to albumin-coated tissue culture plastic. These results were similar to those observed with BEC or HEC: in three experiments, unstimulated adherence was 4±1% without DIDS and 12±2% with DIDS; PMA-stimulated adherence in non-DIDS-treated neutrophils was 56±2% vs. 64±3% in DIDS-treated neutrophils (P < 0.05); A23187-stimulated adherence in non-DIDS-treated neutrophils was 44±4% vs. 53±4% in DIDS-treated neutrophils (P = 0.13); and FMLP-stimulated adherence in non-DIDS-treated neutrophils was 27±3% vs. 38±3% in DIDS-treated neutrophils (P < 0.05).
To (Table II) . As with neutrophils, this increased adherence was blocked by coincubation with MAb 60.3 (Table II) . We also observed that cytoplasts aggregated in response to 
22±3 § 15±2
Stimulated neutrophil cytoplasts aggregate and adhere to endothelium but do not increase surface expression of CDl lb or CD18. Stimulated cytoplast aggregation and adherence to endothelium are blocked by coincubation with MAb 60.3 (40 ;tg/ml). Surface expression was calculated as in Table I . Percent adherence is expressed as mean±SE of eight replicate wells (four replicate wells with MAb 60.3). Results of two separate experiments are shown. All assays in each experiment were performed with cytoplasts from the same preparation. * By definition.
* P < 0.05. 1 P < 0.005 (compared with unstimulated control).
PMA stimulation, as measured nephelometrically (Table II) and by microscopic examination. This aggregation response was also blocked by MAb 60.3 (Table II) . Cytoplasts from the same preparation that aggregated and adhered to HEC, however, did not increase surface expression of CD 1 b or CD 18 in response to the same stimuli under the same conditions (Table II).
Discussion
The central role of the CD1 lb/CD 1 8 membrane glycoprotein subunit in adhesion-dependent neutrophil functions is well documented (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (3, 12, 17, 18, 19) . This is associated with a concomitant decrease in intracellular granule-associated CDl lb, indicating that translocation from intracellular pools to the cell surface occurs in response to stimulation. It has therefore been suggested that increased surface expression of CD 1 b might be a mechanism that enhances surface adhesiveness (12, 17, 18, 19 (37) . Further support comes from our observations that neutrophil cytoplasts display increased adherence to endothelium when stimulated, which confirms the observations of Stroncek et al. (38) , despite the fact that they do not increase surface expression of CDl lb or CD18, which in turn confirms the observations of O'Shea et al. (35) and Petrequin et al. (36) . The observation that stimulated cytoplasts adhered less avidly to endothelium compared with intact neutrophils is not surprising since the preparation is much longer and requires many additional steps. Diminished adherence of stimulated cytoplasts compared with intact neutrophils was also observed by Stroncek et al. (38) .
These data all indicate that the quantitative increase in surface expression of CDl lb and CD18 that follows stimulation is neither sufficient nor necessary to increase neutrophil adherence to endothelium. This suggests the possibility that increased neutrophil adherence after stimulation may be a result of some qualitative alteration of the glycoprotein on the cell surface, such as a conformational change due to phosphorylation, as has been shown to occur with CD18 in peripheral blood mononuclear leukocytes (39) . The effect of DIDS in potentiating adherence to endothelium is similar to its observed potentiation of stimulated superoxide generation (21) . The mechanism of this potentiation is not clear. In the case of adherence to endothelium, our results indicate that this effect is mediated through CDl lb/CD 1 8, yet is not a consequence of increased surface expression of CDl lb/CD 18, again suggesting the possibility of some qualitative "activation" of the surface glycoprotein(s). Such a qualitative change has been shown to occur with glycoprotein lIb/lIla in platelets (40) and recent data suggest that MIb/IIIa and the CDl 1/CD 18 complex are part of the same "family" of adherence-mediating cell surface glycoproteins (41) .
In contrast to its effect on neutrophil adherence to endothelium, we observed that DIDS inhibited aggregation of stimulated neutrophils. One interpretation of this observation is that recruitment of CD1 lb and CD18 from an intracellular pool plays an important role in the regulation of neutrophilneutrophil adhesiveness. However, we found, as others have reported, that neutrophil cytoplasts aggregate when stimulated (31) , despite the fact that they do not increase surface expression of CDl lb (35, 36) . These observations and the recent studies of Philips et al. (42) suggest that, as with adherence to endothelium, increased surface expression ofCDI lb is not the mechanism responsible for aggregation. It is possible that the inhibition of aggregation by DIDS is due to its effects on cell function apart from granule secretion (e.g., ion fluxes, etc.).
The finding that DIDS prevents aggregation but not adherence to endothelium supports Dahinden and Fehr's conclusion that aggregation and adherence are separate phenomena (43) . This is further supported by the recent observations that granulocyte-monocyte colony stimulating factor stimulates neutrophil aggregation (20) , but does not stimulate adherence to endothelial monolayers (37) , whereas tumor necrosis factor-a (TNF-a) and lipopolysaccharide enhance neutrophil adherence to endothelilm (44) (45) indicates that adherence to endothelium is a critical step in the process leading to neutrophil-mediated inflammation. Elucidation of the mechanisms that govern neutrophil adherence to endothelium, therefore, may be crucial to our ability to study and to alter therapeutically neutrophil-mediated inflammation and tissue injury.
